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1. INTRODUCTION {#jcmm14306-sec-0004}
===============

Along with the advance of the intensive care system and revascularization therapy in particular primary percutaneous coronary intervention (PCI), the prognosis for ST‐elevation myocardial infarction (STEMI) has dramatically improved. As the number of survivors has increased, a concomitant increase in pathologic cardiac remodelling patients after MI has become a huge problem. Cardiac remodelling characterized by progressive changes in ventricle volume and impaired global function was associated with poor clinical outcome.[1](#jcmm14306-bib-0001){ref-type="ref"} Moreover, once remodelling is established with clinical heart failure symptoms, therapies to reverse remodelling and/or improve symptoms have limited effects. Thus, the development of novel and potentially more effective devices or pharmaceutical agents would be to prevent the remodelling from occurring in the early stage of MI setting is urgently needed.

It has been already reported that degradation of extracellular matrix (ECM), occurring after heart infarction, associates with a consequent loss of myocardium tissue integrity that allows the infarct zone to be stretched by intraventricular pressure, thereby inducing the adverse left ventricular (LV) remodelling. Compelling evidence indicates polymorphonuclear neutrophils (PMN) infiltrated in coronary plaques and the infarcted myocardium plays a pivotal role in the pathologic infarct extension and the stunning of potentially viable myocardium.[2](#jcmm14306-bib-0002){ref-type="ref"} In addition to producing inflammatory chemokines, neutrophils have been demonstrated mediated tissue damage by releasing matrix‐degrading enzymes and reactive oxygen species.[3](#jcmm14306-bib-0003){ref-type="ref"} A number of clinical trials reported the increased ratio of circulating neutrophils to lymphocyte could be recognized as a prognostic factor to predict both major adverse cardiac events and chronic LV remodelling in patients suffered from MI.[4](#jcmm14306-bib-0004){ref-type="ref"}, [5](#jcmm14306-bib-0005){ref-type="ref"} Moreover, abnormal elevations in neutrophil count in blood of patients with acute coronary syndrome undergoing primary percutaneous coronary intervention (PCI) associates with larger infarct sizes and worsening of cardiac systolic and diastolic function.[6](#jcmm14306-bib-0006){ref-type="ref"} Importantly, promising results obtained from preclinical models studying several pharmacological approaches aimed at interfering with the myocardial neutrophil\'s recruitment, confirmed their beneficial effects on reducing infarct size and the extent of the ultimate cardiac injury.[7](#jcmm14306-bib-0007){ref-type="ref"} Hence, suggesting that neutrophils depletion strategies could be a desirable pharmacological strategy in patients with MI at a higher risk of LV remodelling.

The cardioprotective effects of sodium tanshinone IIA sulfonate (STS), a potent pharmacological derivative compound extracted from *Salvia miltiorrhizabunge*, have been elucidated by a number of studies. Experimental preclinical data have demonstrated that administering STS therapy in rat in vivo model of ischaemia/reperfusion caused inhibition of the nuclear factor‐κB‐dependent activated accumulation of neutrophils and consequently protected the heart against myocardial reperfusion injury and reduced the infarct size.[8](#jcmm14306-bib-0008){ref-type="ref"} Results of the another recently published study, demonstrated that administration of STS in Beagle dogs ameliorated their ischaemia‐induced myocardial inflammation, after inhibiting NLRP3 inflammasome‐dependent JAK2‐STAT3 pathway.[9](#jcmm14306-bib-0009){ref-type="ref"} Moreover, administration of STS also exerted anti‐fibrotic effects on cardiac fibroblasts by downregulating generation of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase‐derived reactive oxygen species.[10](#jcmm14306-bib-0010){ref-type="ref"} Based on these findings, it is conceivable to suggest that STS may play a protective role against post‐MI failure by limiting the neutrophils infiltrations and release of PMN‐derived granule components.

This study was designed to test whether administration of STS in patients with AMI would attenuate remodelling and reduce the occurrence of major adverse cardiac events (MACE). Importantly, the obtained results clearly demonstrated that treatment of our MI patients with this pharmacological compound, holding the unique structure of phytoestrogen, significantly alleviated the neutrophil‐mediated myocardial tissue damage and consequently reduced the net harmful post‐MI outcome.

2. METHODS {#jcmm14306-sec-0005}
==========

2.1. Study design {#jcmm14306-sec-0006}
-----------------

The study is a randomized, parallel‐group, controlled study comparing STS with saline control in patients who survived a STEMI after successful reperfusion. Ethics committees at Guangdong Provincial Hospital of CM reviewed and gave their approval (B2011‐41‐01). All principles of the Declaration of Helsinki were applied. This trial was registered in clinicaltrials.gov (NCT02524964).

2.2. Participates and intervention {#jcmm14306-sec-0007}
----------------------------------

The eligible patients were aged 18‐80 years, who presented within 24 hours of the onset of symptoms and signs of STEMI, defined as significant ST‐segment elevation in at least two contiguous leads according to the recommendation of the American College of Cardiology and European Society of Cardiology.[11](#jcmm14306-bib-0011){ref-type="ref"} The patients were not considered for enrolment if they presented with cardiogenic shock, severe heart failure (New York Heart Association class IV and need for intravenous inotropic support), sustained ventricular tachycardia or ventricular fibrillation or had return of spontaneous circulation or had identified contraindication to STS.

Consenting, eligible patients or their legally authorized representative provided written informed consent and then randomized in a ratio of 1:1 to STS or saline control. The randomization was performed with a computerized central Interactive Voice and Web Response System. All principles received guidelines‐based therapy for STEMI per the discretion of the attending cardiologist. STS was intravenously injected at 80 mg dose immediately after primary or rescue PCI and then every 24 hours for 7 days.

2.3. Effectiveness endpoints {#jcmm14306-sec-0008}
----------------------------

The primary effectiveness endpoint is the %∆ LVEDVi measured by echocardiography from baseline to 6 months after PCI. Secondary effectiveness endpoints include composite of all‐cause death, recurrence of MI documented by symptoms and with a new rise in cardiac biomarkers and hospitalization due to heart failure events adjudicated by an independent clinical events committee using standardized definitions. Additional exploratory proteomics analyses were also performed in hope for better mechanistic explanation of the observed clinical effects of STS treatment.

2.4. Echocardiographic measurement of cardiac remodelling {#jcmm14306-sec-0009}
---------------------------------------------------------

Resting transthoracic echocardiograms will be performed before randomization and then at 6‐month follow‐up visit. Two‐dimensional echocardiographic studies were recorded and submitted to the independent, blinded laboratory for a centralized assessment of quantitative analysis after quality control. As previous reports, the selected images were digitized to obtain endocardial contours and LV cavity volumes at end diastole and end systole from apical orthogonal views including 4‐ and 2‐chamber.[12](#jcmm14306-bib-0012){ref-type="ref"} The modified Simpson rule was used to calculate EF value using the standard formula according to American Society of Echocardiography guideline recommendations. All measurements were measured by an experienced sonographer from 5 cardiac cycles and the mean values were considered for analysis.

2.5. Proteomics analysis of peripheral blood samples {#jcmm14306-sec-0010}
----------------------------------------------------

The blood samples from both STS (n = 9) and saline control (n = 9) groups after 5‐day treatment were prepared and assessed the variable cytokines using a Quantibody Human Cytokine Antibody Array consisting of 440 different antibodies spotted in quadruplicate onto eight slide chips (RayBiotech, Norcross, GA, USA). The signal was acquired by fluorescence detection and quantified, and the relative expression levels of cytokines were determined by comparison between groups according to the manufacturer\'s instructions.

Gene ontology (GO) analysis in the set of differentially expressed factors was performed with DAVID Bioinformatics Resources 6.8 databases to investigate the associated biological process, cellular component and molecular function.[13](#jcmm14306-bib-0013){ref-type="ref"} Functional categories were enriched and the top 10 GO functional categories were selected. Kyoto Encyclopedia of Genes and Genomes (KEGG) database was used for pathway analysis to discover a relation that was not easily visible from the changes of individual proteins.

2.6. Quantification of the neutrophils‐derived granule components in peripheral blood {#jcmm14306-sec-0011}
-------------------------------------------------------------------------------------

To further confirm the proteins response to STS treatment, plasma and serum from patients received either STS (n = 48) or saline (n = 48) before and after 5‐day treatment were measured using a sandwich enzyme‐linked immunosorbent assay (ELISA) procedure following manufacturer\'s protocols (R&D systems Minneapolis, MN, USA).

2.7. Sample size {#jcmm14306-sec-0012}
----------------

The sample size determination is based on the primary endpoint, estimated change in LVEDVi from baseline to 6 months after STS treatment. To have \>80% power and detect a treatment difference of 5% in change of LVEDVi between STS and saline control (with allocation ratio of 1:1) using a two‐sided significance level of 0.05, a minimum of 46 patients were required in each arm. A therapeutic decrease in LVEDV of 5 mL/m^2^ has been shown to be associated with favourable effects on mortality.[14](#jcmm14306-bib-0014){ref-type="ref"} Additional patients will be recruited to account for potential dropouts.

2.8. Statistical analysis {#jcmm14306-sec-0013}
-------------------------

All pharmacokinetic parameters were summarized as mean ± standard deviation, median (first quartile, third quartile), percent coefficient of variation as appropriate. General linear mixed models were used to perform an intention‐to‐treat analysis that consists of all randomized patients for the effectiveness analyses. The primary and secondary endpoints were assessed using analysis of covariance with major determinants, including demographic parameters (age, sex, BMI) concomitant coronary risk factors (systemic hypertension, diabetes mellitus), peak NT‐proBNP, medication status (β‐adrenergic blockers and ACE inhibitors or ARB), that could explain the LV remodelling as covariates. The statistical tests were two tailed and conducted at the 0.05 significance level using the statistical package SPSS version 13.0 software (SPSS, Inc, Armonk, NY, USA).

3. RESULTS {#jcmm14306-sec-0014}
==========

3.1. Patients and baseline clinical characteristics {#jcmm14306-sec-0015}
---------------------------------------------------

Between February 2014 and December 2016, 101 patients were randomized (50 to STS and 51 to saline control). Figure [1](#jcmm14306-fig-0001){ref-type="fig"} illustrates study enrolment and randomization. There was one patient in the STS group and two in the control group lost to follow‐up.

![Study flow diagram. STS, sodium tanshinone IIA sulfonate](JCMM-23-4592-g001){#jcmm14306-fig-0001}

Baseline demographics stratified by treatment arm are shown in Table [1](#jcmm14306-tbl-0001){ref-type="table"}. Mean ± SD patient age was 68.41 ± 9.91 years, and 50 (49.50%) were women. A total of 15 patients (14.85%) had a previous coronary heart disease, 54 (53.47%) had hypertension, 39 (38.61%) had diabetes mellitus and 35 (34.65%) had been smoking. The peak level of NT‐proBNP was 767.17 ± 76.16 pg/mL and the peak level of CK‐MB was 151.59 ± 75.89 U/L. Validated serial echocardiographic assessments at pre‐randomization and during 6‐month follow‐up were obtained for 48 patients in the STS group and 48 in the control group (Figure [1](#jcmm14306-fig-0001){ref-type="fig"}). Among these patients, there were no significant differences in LVEDVi, LVESVi or LVEF between the two groups at baseline. The LV function was well preserved, with a mean ± SD ejection fraction of 52.73%±7.92%. No differences occurred in the baseline characteristics between the two groups (Table [1](#jcmm14306-tbl-0001){ref-type="table"}).

###### 

Baseline and procedural characteristics

                                                      STS (n = 50)      Control (n = 51)   *P*
  --------------------------------------------------- ----------------- ------------------ ------
  Age, y                                              68.19 ± 9.67      68.63 ± 10.23      0.83
  Gender (Female)                                     24 (48.00)        26 (50.98)         0.77
  Body mass index                                     23.79 ± 2.17      23.08 ± 2.78       0.16
  Heart rate at presentation, beats/min               77.43 ± 10.39     76.26 ± 11.41      0.59
  Systolic arterial pressure at presentation, mm Hg   131.75 ± 17.53    132.25 ± 17.64     0.89
  Killip class at presentation                        1.58 ± 0.81       1.61 ± 0.72        0.86
  LVEDVi, mL/m^2^                                     48.53 ± 6.52      47.87 ± 7.85       0.65
  LVESVi, mL/m^2^                                     22.41 ± 3.43      22.68 ± 4.66       0.75
  EF, %                                               53.17 ± 8.27      52.29 ± 7.62       0.59
  Previous medical history                                                                 
  Coronary heart disease                              7 (14.00)         8 (15.69)          0.81
  Hypertension                                        26 (52.00)        28 (54.90)         0.77
  Diabetes mellitus                                   20 (40.00)        19 (37.25)         0.78
  Smoking                                             18 (36.00)        17 (33.33)         0.78
  Peak NT‐proBNP, ng/L                                757.95 ± 91.66    776.21 ± 113.55    0.90
  Peak CK‐MB, IU/L                                    155.41 ± 68.19    147.84 ± 83.26     0.62
  Left anterior descending artery                     27 (54.00)        29 (56.86)         0.77
  Infarct‐related artery TIMI flow grade 0‐1          50 (100)          51 (100)           ‐
  Multi‐vessel disease                                14 (28.00)        13 (25.49)         0.78
  Procedural success                                  50 (100)          51 (100)           ‐
  IRA stenting                                        50 (100)          51 (100)           ‐
  Number of stents                                    1.38 ± 0.60       1.41 ± 0.57        0.79
  Stent length (mm)                                   24.24 ± 11.01     24.70 ± 9.92       0.83
  IRA TIMI flow grade 3 after PCI                     50 (100)          51 (100)           ‐
  Ischaemia time (min)                                269.81 ± 198.77   288.81 ± 160.69    0.93
  Medications                                                                              
  Aspirin                                             47 (94.00)        48 (94.12)         1.00
  clopidogrel                                         48 (96)           49 (96.08)         1.00
  Beta blockers                                       38 (76.00)        36 (70.59)         0.54
  ACE inhibitors/ARB                                  32 (64.00)        34 (66.67)         0.78
  Lipid‐lowering agents                               49 (98.00)        48 (94.12)         0.62
  Diuretics                                           7 (14.00)         10 (19.61)         0.45

Data are presented as mean ± SD or median.

ACE, angiotensin‐converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; CK‐MB, creatine kinase‐MB; IRA, infarct‐related artery; LAD, left anterior descending artery; LVEDVi, left ventricular end diastolic volume index; LVEF, left ventricular ejection fraction; NT‐proBNP, N‐terminal pro‐brain natriuretic peptide; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; TIMI, thromobolysis in myocardial infarction.
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Overall, all patients displayed thrombolysis in myocardial infarction (TIMI) 3 flow within the infarct‐related artery, and there was high adherence to all post‐MI guideline‐recommended therapies. In the overall cohort, 65.35% of patients were treated with an angiotensin‐converting enzyme inhibitor or an angiotensin II receptor blocker, in comparison with 73.27% of those who received β‐adrenergic blocking agents.

3.2. Echocardiographic endpoints {#jcmm14306-sec-0016}
--------------------------------

The echocardiographic measurements at 6‐month follow‐up are shown in Figure [2](#jcmm14306-fig-0002){ref-type="fig"}. The LVEDVi slightly increased in the control group, while it substantially decreased in the STS group. (mean difference in LVEDVi from 6 months to baseline assessment, 1.58 ± 1.04 vs −2.54 ± 2.48 mL/m^2^, *P* \< 0.001).

![Echocardiographic changes from baseline to 6 months in LVEDVi, LVESVi and LVEF in the STS and control groups. Middle hash of the box indicates the median; 25‐75th percentiles are represented by end caps of the box; the whiskers indicate the 10th and 90th percentiles. LVEDVi, left ventricular end‐diastolic volumes index; LVESVi, left ventricular end‐systolic volume index; and LVEF, left ventricular ejection fraction](JCMM-23-4592-g002){#jcmm14306-fig-0002}

The primary endpoint (%∆ LVEDVi) was significantly lower in the STS group than in the control group (−5.05 ± 4.34% and 3.32 ± 2.17%, respectively, *P* \< 0.001). The covariate adjustment of STS effects on the change of LVEDVi remained significant when adjusted for fixed covariates, including age, sex, BMI, baseline heart rates and systolic arterial pressure at presentation (model 1, −4.97% relative change from pretreatment, *P* \< 0.001). The effect of STS on change in LVEDVi remained significant when guideline‐based standard post‐MI medical therapies (β‐adrenergic blockers, ACE inhibitors or ARB, stains and diuretics), concomitant coronary risk factors (systemic hypertension, diabetes mellitus and peak NT‐proBNP levels), were added to model 1 (model 2, −4.95% relative change from pretreatment, *P* \< 0.001).

Left ventricular end‐systolic volume index (LVESVi) slightly increased in the control group while was reduced in the STS group (1.82 ± 1.52 and −2.36 ± 1.33 mL/m^2^, respectively, *P* \< 0.01). Consequently, a statistically significant difference occurred in LVEF between the two groups at the 6‐month follow‐up: a significantly higher LVEF (55.81 ± 6.98 and 49.94 ± 7.19%, respectively, *P* \< 0.01) were found in the STS group compared with the control group.

3.3. Clinical outcome {#jcmm14306-sec-0017}
---------------------

Overall, 6‐month mortality was 2.97% (3 of 101 patients), one patient (2.04%) in the STS group and two patients (4%) in the control group. Two patients died of heart failure during the first month after index MI (one in the STS group and one in the control group), and one patient died of ischaemic stroke at 4 months after MI in the control group. Eight (16.0%) patients in the control group and three (6.12%) in the STS group had a non‐fatal recurrent MI documented by angiography and received revascularisation. One patient (2.04%) in the STS group and two patients (4.0%) in the control group had ventricular arrhythmia; 3 of 49 patients in the STS group (6.12%) and 7 of 50 patients in the control group (14.0%) had hospital readmission for congestive heart failure. Collectively, combined analysis of the most important adverse cardiovascular events (including death, reinfarction, hospitalization for heart failure and malignant arrhythmia \[4 (8.16%) and 13 (26.00%) in the STS and control groups respectively\]) showed an absolute reduction (*P* = 0.019). Moreover, no side effects secondary to STS treatment were observed suggesting the compound is well tolerated.

3.4. Effects of STS treatment on levels of biomarkers detected by proteomics {#jcmm14306-sec-0018}
----------------------------------------------------------------------------

As proteomic analysis has been already documented as a powerful tool for the identification of novel mechanisms in response to diverse pharmacologic therapies, we further investigate the mechanism underlying the anti‐remodelling effect of STS, that could be linked to alterations of numerous circulating factors, detected by antibodies microarrays in blood of patients treated either with STS or with control saline. Compared with the control patients, 75 proteins with significantly differential expression (*P* \< 0.05) were identified in the STS group (Figure [3](#jcmm14306-fig-0003){ref-type="fig"}). Among them, 42 proteins were upregulated and 33 were downregulated. Cluster analysis was performed based on the differentially expressed cytokines and displayed as heat maps (Figure [3](#jcmm14306-fig-0003){ref-type="fig"}A).

![Proteomics and biosystematics analysis. A, Cluster analysis of the differentially expressed cytokines in the plasma compared between the STS patients and the control patients. B, Significant functional annotations of differentially expressed cytokines using GO analysis according to biological process ranked by enrichment score. C, KEGG pathways analysis of the differentially expressed proteins](JCMM-23-4592-g003){#jcmm14306-fig-0003}

Further GO analysis was carried out based on biological process, cellular component and molecular function to identify the significant regulated functional annotations of differentially expressed cytokines. Top 10 highly enriched GO terms in biological process included leucocyte migration, positive regulation of response to external stimulus, regulation of cell‐cell adhesion, regulation of leucocyte proliferation, regulation of lymphocyte proliferation and positive regulation of cytokine production (Figure [3](#jcmm14306-fig-0003){ref-type="fig"}B).

As shown in Figure [3](#jcmm14306-fig-0003){ref-type="fig"}C, applied KEGG analysis allowed us to identify particular pathways that were significantly affected by differentially expressed interleukins and their interactions with cytokine‐cytokine cellular receptors that eventually affected the cellular chemotaxis, proliferation and re‐organization of the extracellular matrix. These data encouraged the further quantitative assessment of biologically active factors that can be released from neutrophils and potentially affect myocardium.

3.5. Quantification of the neutrophil granules‐derived enzymes {#jcmm14306-sec-0019}
--------------------------------------------------------------

As previous studies already documented that neutrophils play an essential role in tissue remodelling after several tissue injures and after MI, we now measured effects of STS treatment on blood levels of neutrophils‐derived granule components, including neutrophil elastase, myeloperoxidase, proteinase 3, neutrophil gelatinase‐associated lipocalin (NGAL), MMP‐8 and MMP‐9, in both groups of patients following MI.[15](#jcmm14306-bib-0015){ref-type="ref"} Peripheral blood obtained from patients just at the enrolment and after 5‐day treatment with either STS or saline were measured using ELISA with indicated antibodies. Results shown there were no differences in these neutrophils‐derived granule components between two groups at the enrolement. Interestingly, after STS treatment, the absolute count of neutrophils was not changed compared to that in the control group. However, a statistically significant difference occurred in neutrophils‐derived granule components between the two groups after 5‐day treatment: the mean values of neutrophil elastase, myeloperoxidase, proteinase 3, MMP‐8 and MMP‐9 were lower in the STS treated than in the saline control group (Figure [4](#jcmm14306-fig-0004){ref-type="fig"}). Although not significant, there was a trend towards a reduction in NGAL in patients receiving STS treatment (Figure [4](#jcmm14306-fig-0004){ref-type="fig"}).

![Quantification of neutrophils‐derived granule components. Levels of neutrophils‐derived granule components, including neutrophil elastase, myeloperoxidase, proteinase 3, NGAL, MMP‐8 and MMP‐9 in patients receiving STS or saline control were assessed by ELISA. NGAL, neutrophil gelatinase‐associated lipocalin. MMP, matrix metalloproteinases](JCMM-23-4592-g004){#jcmm14306-fig-0004}

4. DISCUSSION {#jcmm14306-sec-0020}
=============

This study demonstrates that STS treatment of MI patients who underwent the successful surgical revascularization significantly attenuates their LV remodelling and decreases in LVEDVi of ≥5% that associate with a concomitant reduction of the adverse clinical outcome. Furthermore, the degree of reduction in adverse events correlated with the magnitude of the LVEDVi decrease lending credence to a cause‐effect relationship.

The current results are consistent with the previous reports that LVEDVi is correlated with beneficial clinical outcome, and a short‐term favourable therapy effect on LVEDVi or LVEDV is associated with the improvement of longer term mortality.[16](#jcmm14306-bib-0016){ref-type="ref"} It has been also demonstrated that the extent of pathologic LV remodelling correlated with the risk of adverse cardiovascular events such that each 10‐mL increase in LVEDV corresponded to an adjusted hazard ratio of 1.05 (95% CI \[1.01‐1.10\]; *P* = 0.015) for death, MI, hospitalization for heart failure, stroke or resuscitated sudden death.[17](#jcmm14306-bib-0017){ref-type="ref"} Moreover, the relationship between reverse remodelling and improvement in clinical outcome was confirmed that angiotensin‐converting enzyme inhibitors (ACEI) improved survival after MI by attenuating progressive LV dilatation and dysfunction.[18](#jcmm14306-bib-0018){ref-type="ref"}

Growing evidence from numerous studies already suggested that the initial post‐MI inflammatory oxidative stress that also occurs within the remote non‐infarcted tissues and circulated leucocytes, associates with the higher release of numerous chemokines and proteolytic enzymes that may infiltrate the adjacent infarcted myocardium, and consequently induce the partial degradation of its extracellular matrix and its pathologic remodelling that ultimately contribute to deterioration of cardiac haemodynamic. Among the other injured tissues‐derived proteases, neutrophil elastase, released in the early stages of ischaemia, degrades elastin and induces interleukin‐6 secretion to impair cardiac contractility by a nitric oxide‐dependent pathway contributing to cardiac damage. Meaningfully, it has been shown that the selective pharmacologic inhibition of neutrophil elastase protects against myocardial stunning after ischaemia/reperfusion in swine and reduce the infarct size.[19](#jcmm14306-bib-0019){ref-type="ref"}, [20](#jcmm14306-bib-0020){ref-type="ref"}, [21](#jcmm14306-bib-0021){ref-type="ref"}, [22](#jcmm14306-bib-0022){ref-type="ref"} On the other hand, it has been demonstrated that proteinase 3 exacerbate heart failure through cleaving angiotensinogen into angiotensin, activating proinflammatory factors and degrading extracellular matrix including fibronectin and collagen IV.[23](#jcmm14306-bib-0023){ref-type="ref"}, [24](#jcmm14306-bib-0024){ref-type="ref"} In addition, proteinase 3 levels in the plasma serve as a prognostic risk marker for death or rehospitalization for heart failure in post‐MI patients.[24](#jcmm14306-bib-0024){ref-type="ref"} Similarly, high plasma NGAL levels before PCI has been shown to independently predict all‐cause mortality for patients with MI, the underlying mechanisms involves protecting MMP‐9 from degradation.[25](#jcmm14306-bib-0025){ref-type="ref"}, [26](#jcmm14306-bib-0026){ref-type="ref"} The evidence of higher total and active MMP‐8 levels were shown in patients with LV rupture than those without rupture, indicating this neutrophil collagenase may promote infarct rupture in humans.[27](#jcmm14306-bib-0027){ref-type="ref"} Further studies suggested MMP‐8 degrades collagens via cleaving type I α1 and α2 chains and subsequently promotes neutrophils migration, and neutrophils depletion inhibits early collagen degradation as a consequence of the lack MMP‐8.[28](#jcmm14306-bib-0028){ref-type="ref"}, [29](#jcmm14306-bib-0029){ref-type="ref"} Infiltrating neutrophils are an early source of MMP‐9 after MI both with and without reperfusion in humans and multiple animal models.[30](#jcmm14306-bib-0030){ref-type="ref"} Recent reports have shown neutrophil‐derived MMP‐9 degrades extracellular matrix and promotes leucocytes infiltrate into the infarct area in the very early stage of MI.[31](#jcmm14306-bib-0031){ref-type="ref"} MMP‐9 deletion attenuates LV dysfunction and collagen deposition and promotes angiogenesis post‐MI in mice.[32](#jcmm14306-bib-0032){ref-type="ref"} Importantly, we have recently reported that STS treatment also initiate a functional transformation of myocardial fibroblasts, resulting in the inhibition of their synthesis of hard collagen type I (through inhibition of the angiotensin receptor pathway) and a concomitant increase in deposition of a new resilient elastin via the activation of PKA/CREB.[33](#jcmm14306-bib-0033){ref-type="ref"}, [34](#jcmm14306-bib-0034){ref-type="ref"} Finally, our initial finding that STS treatment of AMI patients associates with a significant reduction of neutrophil\'s infiltration and inhibition of their de‐granulation, strongly suggests yet another mechanism, by which this phytoestrogen may contribute to attenuation the adverse myocardial remodelling of the post‐MI heart, observed in this trial.

This is a single‐centre experience and represents a small number of patients. LV volumes were obtained by echocardiography whenever possible; while cardiac magnetic resonance may be a more precise method. However, our study population contains homogenous unselected patients with STEMI undergoing PCI, thus mirroring the real‐world scenario. Future randomized studies with a large sample size of patients with first onset of AMI with a proximal LAD occlusion are required to overcome these limitations.

5. CONCLUSIONS {#jcmm14306-sec-0021}
==============

In conclusion, our study demonstrated that addition of STS to current practice guidelines‐recommended therapies further reduces the progressive LV remodelling and improves the clinical outcome after acute MI. As, STS treatment did not reduce a total number of neutrophils detected in peripheral blood, but decreased levels of circulating chemokines and proteases, that could be released from their granules and vesicles, we suggest that the immediate daily IV treatment of MI patients with STS mitigates the early release of numerous factors that would be otherwise attracted by the degradation products of the injured myocardial matrix and ultimately exacerbate remodelling of the post‐MI heart. Therefore, at this point we might speculate that this phytomedicine might stabilize integrity of cellular membranes, thereby reducing the net level of neutrophil\'s exocytosis and rupture of their granules and vesicles.
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